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Urinary biomarkers of acute l<idney injury (AKI) have been revealed recently to be useful for 
prior prediction of AKI. However, it is unclear whether these urinary biomarkers can also 
detect recovery from established AKI . Urinary biomarkers, including neutrophil gelatinase- 
associated lipocalin (NGAL) and cystatin C, were measured every 2 days for 8 days in 66 
patients with AKI. At day 0, there were no significant differences in plasma creatinine, 
BUN, and urine cystatin C between AKI patients in the recovery (n = 33) and non-recovery 
(n = 33) groups. Plasma creatinine concentrations were significantly lower in the recovery 
group (3.0 ± 2.0 mg/dL) than in the non-recovery group (5.4 + 1 .9 mg/dL) on day 4 after 
AKI diagnosis (P< 0.001). In contrast, there were significant differences in urine NGAL 
between the two groups starting on day 0 (297.2 + 201 .4 vs 407.6 ± 190.4 ng/mL, 
P= 0.025) through the end of the study (123.7 + 119.0 vs 434.3 ± 121 .5 ng/mL, 
P< 0.001). The multiple logistic regression analysis showed that urine NGAL could 
independently predict recovery from AKI. Conclusively, this prospective observational study 
demonstrates that urine NGAL can be a highly versatile marker for early detection of the 
recovery phase in established AKI patients. 

Key Words: Acute Kidney Injury; Biological Markers; Neutrophil Gelatinase-Associated 
Upocalin; Cystatin C 



INTRODUCTION 

Acute kidney injury (AKI) is a common and serious complica- 
tion for hospitalised patients. AKI increases morbidity and mor- 
tality, especially in the intensive care unit (ICU) (1). Many stud- 
ies report AIQ complications in up to 7% of all hospital admis- 
sions and 50%-80% of ICU patients (2), with 5% requiring renal 
replacement therapy (3). The incidence of AKI increased 13% 
per year between 1979 and 2004 in the US (4). A history of Aia 
is associated with an increased risk of end stage renal disease 
(ESRD) (5). Despite significant improvement in our understand- 
ing of the pathophysiology of AKI over the past several decades 
(6-9), as well as the discovery of several interventional treat- 
ments, the mortality rate of AIQ has not improved. Difficulty at 
early detection and lack of early intervention tools are the main 
causes of AKI treatment failures. 

Diagnostic markers for AKI, which have been used for several 
decades, include plasma creatinine, blood urea nitrogen (BUN), 
presence or absence of urinary casts, fractional excretion of so- 
dium (FENa), and urinary concentration. However, these mark- 
ers are of limited use for early detection of AKI (10, 1 1). 

Recently, several sensitive and specific biomarkers for the 



early detection of AKI have been identified. Neutrophil gelatin- 
ase-associated lipocalin (NGAL), cystatin C, kidney injury mol- 
ecule- 1 (KIM-1), N-acetyl-|3-D-glucosaminidase (NAG), inter- 
leukin-18 (IL-18), hepatocyte growth factor (HGF), and vascu- 
lar endothelial growth factor (VEGF) are some of the novel and 
promising biomarkers for early diagnosis of AIG (12). 

However, it is unclear whether such biomarkers can also de- 
tect the recovery of kidney function from established AKI. In 
this study, we investigated whether decreases in urine NGAL 
and cystatin C precede the changes in plasma creatinine in the 
recovery phase of AKI. We also assessed the utility of urine 
NGAL and cystatin C for early prediction of recovery. 

MATERIALS AND METHODS 
Participants and metliods 

This study was conducted at Kwandong University Myongji Hos- 
pital between May 2009 and April 2010. We measured urine 
NGAL and cystatin C levels every 2 days for 8 days in AKI pa- 
tients. AIG was defined as a 50% or greater increase in plasma 
creatinine from baseline. Baseline renal function was defined 
as the lowest known plasma creatinine value during the pre- 
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ceding 3 months. This study included AKI patients 18-70 yr old, 
excluding those with pre-existing chronic kidney disease stage 
3-5, oliguria less than 100 mL/day, a history of hemodialysis or 
continuous renal replacement therapy during their hospitaliza- 
tion, or diagnosed prerenal acute renal failure or those without 
baseline plasma creatinine measurements. Of the 98 patients 
screened for study enrolment, 32 were excluded because they 
met one or more of the exclusion criteria. The primary end 
point was recovery from AKI, defined as a 50% or greater de- 
crease in plasma creatinine from the peak level. Demographic 
and clinical data, including age, gender, baseline serum creati- 
nine, comorbidities, and prior renal disease, were obtained 
from medical records. Following enrolment, BUN, plasma cre- 
atinine, and urine creatinine levels were measured along with 
urine collection every 2 days. The modified Jaffe method was 
used to measure plasma creatinine. For the control group, se- 
rum and urine samples were collected from 15 individuals 
without diagnosed renal disease. 

Urine samples 

Random spot urine samples were centrifuged at 2,000 g for 5 
min, and the supematants were stored in aliquots at -80°C. Urine 
NGAL and cystatin C levels were measured using the human 
NGAL Enzyme-linked immunosorbent assay (ELISA) kit (R&D 



Systems, Minneapolis, MN, USA) and the cystatin ELISA kit (Bio- 
Vendor LLC, Candler, NC, USA). The laboratory investigators 
were blind to information about the samples. The mean intra- 
assay coefficient of variation in the laboratory was 10.0%. 

Statistical analyses 

Statistical analyses were used to compare the recovery and 
non-recovery AKI patients. Continuous variables, including 
urine NGAL and cystatin C level, were expressed as mean ± 
standard deviation (SD) and compared using Student's t test. 
Skewed data were expressed as median with interquartile range 
and compared using Mann- Whitney U test. Categorical vari- 
ables were expressed as proportions and compared using the 
chi-square test or Fisher's exact test. We generated a nonpara- 
metiic receiver operating characteristic (ROC) curve to evalu- 
ate the ability of urinary biomarkers to detect AKI recovery. P < 
0.05 was considered statistically significant. Univariate and mul- 
tivariate stepwise regression analyses were used to assess pre- 
dictors of AKI recovery. Statistical analyses were performed us- 
ing SPSS, version 10.0 (SPSS Inc, Chicago, IL, USA). 

Ethics statement 

This study was approved by the institutional review board for 
human research at Myongji Hospital, Kwandong University (IRB 



Table 1. Baseline characteristics and mortality stratified by recovery and non-recovery from established acute kidney injury (AKi) 



Parameters 


All patients 


Recovery group (n = 33) 


Non-Recovery group (n = 33) 


P value 


Age (yr) 


61.7 + 15.3 


59.1 + 16.8 


64.3 ± 13.4 


0.17 


Male, No. (%) 


52 (78.8) 


28 (84.8%) 


24 (72.7%) 


0.37 


Diabetes meiiitus, No. (%) 


20 (30.3) 


8 (24.2%) 


12(36.3%) 


0.28 


Hypertension, No. (%) 


29 (43.9) 


11 (33.3%) 


18(54.5%) 


0.08 


Cardiovascular disease, No. (%) 


9(13.6) 


3(9.1%) 


6(18.2%) 


0.28 


Cerebrovascular disease. No. (%) 


11 (16.7) 


7(21.2%) 


4(12.1%) 


0.32 


Severity of AKI, No. {%) 








0.038 


RIFLE-R 


6(9.1) 


4(12.1) 


2(6.1) 




RIFtE-l 


16(24.2) 


12(36.4) 


4(12.1) 




RIFtE-F 


44 (66.7) 


17(51.5) 


27 (81 .8) 




ICU admission. No. (%) 


51 (77.3) 


21 (63.6) 


30 (90.0) 


0.017 


SAPS II score 


34.9 + 9.9 


32.7 + 8.1 


36.2 + 10.9 


0.214 


Systolic BP (mmHg) 


118.1 + 24.7 


122.3 + 19.9 


114.2 ± 28.0 


0.19 


Diastolic BP (mmHg) 


66.4 + 13.0 


70.0 + 12.0 


63.2 + 13.1 


0.04 


Hemoglobin (g/dL) 


10.7 + 2.3 


10.6 + 2.2 


10.9 + 2.5 


0.32 


BUN (mg/dL) 


53.2 + 29.0 


54.9 + 30.3 


51.5 + 28.1 


0.71 


Plasma creatinine 


3.6 + 1.6 


3.6 + 1.6 


3.5 + 1.5 


0.82 


Total cholesterol (mg/dL) 


140 + 58 


144 + 65 


135 + 50 


0.52 


Serum albumin (g/dL) 


2.9 + 0.6 


2.9 + 0.7 


2.9 + 0.5 


0.67 


CRP (mg/L)* 


6.7(3.2-13.2) 


6.2(1.9-10.9) 


9.5(4.0-14.7) 


0.25 


Serum calcium (mg/dL) 


7.8 + 0.9 


7.9 + 0.9 


7.6 + 0.8 


0.12 


Serum phosphate (mg/dL) 


4.7 + 2.9 


4.8 + 3.3 


4.6 + 2.4 


0.73 


FENa* 


4.4(1.2-8.2) 


3.0(1.0-5.8) 


7.3(1.1-18.0) 


0.09 


Mortality, No. (%) 










ICU 


9(13.6) 


3 (9.1) 


6(18.2) 


0.475 


In-hospital 


17(25.8) 


4(12.1) 


13(39.4) 


0.023 



*Data are expressed as median (interquartile range). RIFLE, Risk-Injury-Failure-Loss-End stage kidney disease; ICU, intensive care unit; SAPS, simplified acute physiology score; 
BP, blood pressure; BUN, blood urea nitrogen; Cr creatinine; CRP C-reactlve protein; FENa, fractional excretion of sodium. 
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approval No. 2009-1-03). Informed consent was obtained from 
all patients. 

RESULTS 

Patient demographics 

Of the 98 patients who developed AKI during hospitalisation, 
66 were included in the study, 33 in the recovery group and 33 
in the non-recovery group (Table 1). There were no significant 
differences between the recovery and non-recovery groups with 
respect to age, sex, and vmderlying diseases or baseline serum 
haemoglobin, total cholesterol, albumin, BUN, plasma creati- 
nine, and new simplified acute physiology (SAPS II) score. How- 
ever, the recovery group has higher RIFLE-F prevalence, lower 
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diastolic blood pressure (70.0 ± 12.0 vs 63.2 ± 13.1 mmHg, P = 
0.04), and higher in-hospital mortality (12.1% vs 39.4%, P - 
0.023). 

The most common cause of AKI was sepsis/infection (50.0%), 
followed by ischemia (27.3%), and nephrotoxins (19.7%) (Table 

Table 2. Causes of AKI stratified by recovery and non-recovery 







No. (%) of patients 




Causes of AKI 


All patients 


Recovery 


Non-Recovery 




(n = 66) 


(n = 33) 


(n = 33) 


Ischemia 


18(27.3) 


9 (27.3) 


9 (27.3) 


Sepsis/Infection 


33 (50.0) 


17(51.5) 


16(48.5) 


Nephrotoxins 


13(19.7) 


6(18.2) 


7 (21 .2) 


Unknown 


2 (3.0) 


1 (3.0) 


1 (3.0) 



P= 0.948. AKI, acute kidney injury. 
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Fig. 1 . BUN (A), plasma Cr (B), urine NGAL (C), urine NGAIVCr (D), urine cystatin C (E), urine cystatin C/Cr (F) levels every 2 days for 8 day period stratified by recovery and non- 
recovery from AKI. Urine NGAL level shows statistically significant difference between groups since day 0 preceding the difference in plasma Cr level. *P< 0.01 comparing re- 
covery group vs non-recovery group; ^P< 0.05 comparing recovery group vs non-recovery group. BUN, blood urea nitrogen; Cr, creatinine; NGAL, Neutrophil gelatinase-asso- 
ciated lipocalin; AKI, acute kidney injury. 
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Table 3. Multivariate iogistic regression using urinary biomari<ers to predict recovery 
from AKI 



Variables 


Odds ratio 


95% CI 


P value 


Age 


0.923 


0.871-0.977 


0.006 


Diastoiic biood pressure 


1.015 


0.962-1 .071 


0.580 


Urine NGAL at day 0 


0.995 


0.991-0.999 


0.015 


Piasma creatinine at day 4 


0.365 


0.174-0.766 


0.008 


RIFLE (vs -R) 








-i 


1.409 


0.126-15.765 


0.781 


-F 


0.251 


0.031-2.060 


0.198 



AKI, acute kidney injury; NGAL, neutrophil gelatinase-associated lipocalin; RIFLE, Risk- 
Injury-Failure-Loss-End stage kidney disease. 



2). There were no significant differences in the causes of AKI 
between the groups. 

Recovery from acute kidney injury 

On day 0, there were no significant differences in plasma creati- 
nine and BUN between the recovery and non-recovery groups 
(Fig. 1). On day 4, there was a statistically significant difference 
in plasma creatinine (3.0 ± 2.0 vs 5.4 ± 1.9 mg/dL, P < 0.001). 
However, there was a significant difference in urine NGAL from 
day 0 (297.2 ± 201.4 vs 407.6 ± 190.4 ng/mL, P = 0.025), which 
was continued through day 8 (123.7 ± 119.0 vs 434.3 ± 121.5 ng/ 
mL, P < 0.001). This pattern was observed day 0 through day 8 
even after urine NGAL was normalised with urine creatinine. 

These early changes were not observed with urine cystatin C. 
The recovery group's urine cystatin C level was not significantly 
lower than the non-recovery group's level until day 4 (263.8 ± 
202.1 vs 302.4 ± 121.9 mg/L, P = 0.383). The significant differ- 
ence in urine cystatin C between groups on day 4 was observed 
only after normalisation with urine creatinine (7.5 ± 1.6vs 12.8 ± 
1.8 mg/g Cr, P - 0.03). In the control group, urine NGAL and 
cystatin C level were 69.0 ± 10.5 ng/mL and 37.24 ± 7.3 mg/L, 
respectively. 

The ability of urine NGAL to predict recovery from AKI was 
assessed using an ROC curve (Fig. 2). Urine NGAL at day 0 was 
a useful predictor of renal recovery (AUG = 0.78, 95% CI 0.65- 
0.90, P < 0.01) and the cut-off value of urine NGAL was 348.2 
ng/mL (sensitivity - 0.840, specificity = 0.687). The AUCs for 
predicting AKI recovery using urine NGAL from days 2, 4, 6, 
and 8 were 0.813, 0.854, 0.884, and 0.969, respectively. 

According to the multiple logistic regression model, which 
included age, diastolic BP, urine NGAL on day 0, plasma creati- 
nine on day 4, and RIFLE criteria, urine NGAL on day 0, prior to 
changes in plasma creatinine, was predictive of recovery from 
AKI (Table 3). 

DISCUSSION 

Recentiy, the term "acute renal failure" was replaced by "acute 
kidney injury" (13, 14). A terminological change results from a 




0.00 0.25 0.50 0.75 1.00 



1 -Specificity 

Fig. 2. ROC curve for the detection of AKI recovery using urine NGAL at day 0 after 
AKI diagnosis. ROC curve demonstrates the prognostic sensitivity and specificity of 
urine NGAL in the prediction of AKI recovery (AUG = 0.78; 95% CI 0.64-0.90). AUC, 
Area under the curve; ROC, Receiver operating characteristic; AKI, Acute kidney inju- 
ry; NGAL, Neutrophil gelatinase-associated lipocalin. 

conceptual paradigm shift. As many studies have shown, a mild 
elevation in plasma creatinine may reflect severe kidney dam- 
age and poor prognosis. 

In addition, plasma creatinine does not reflect early kidney 
injury. For that reason, the RIFLE (Risk- Injury- Failure-Loss-End 
stage kidney disease) classification for AKI was created in 2004 
to provide consensus criteria for defining and classifying AKI 
(15). However, because plasma creatinine does not change un- 
til about 50% of renal fiinction is lost, it is not a sensitive marker 
for early detection of AKI, even when the new AKI classification 
is applied (16). For this reason, researchers are looking for alter- 
native biomarkers. Changes in urine NGAL, cystatin C, NAG, 
KIM-1 and IL-18, which precede a decline in glomerular filtra- 
tion rate, are commonly used as biomarkers for tubular cell 
damage (17-19). The ideal renal enzyme establishment for de- 
tecting AKI could be helpful for early intervention and better 
prognosis. 

NGAL is a 25-kDa protein of the lipocalin family that is ini- 
tially bound to gelatinase in specific granules of neutrophils 
and other epithelial cells, including those of the proximal col- 
lecting tubule. Its expression is induced in injured epithelia, in- 
cluding epitheUa of the lungs, colon, and especially the kidneys 
(20). In a prospective study of 71 pediatric patients undergoing 
cardiopulmonary bypass for cardiac corrective surgery by IMishra 
et al. (21), changes in urine NG/U^ helped detect AKI 1-3 days 
before any increase in plasma creatinine. In a study of 426 adult 
patients undergoing cardiac surgery, the increase in urine NGAL 
was closely related to cardiopulmonary bypass time and aortic 
cross-clamp time (22). Hypo-perfusion time was correlated with 
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urine NGAL but not plasma creatinine. Since the publication by 
Mishra et al. (23), many studies have used urine NGAL for early 
detection of AKI. Currendy, NGAL is the most promising bio- 
marker (19, 24-26). Cystatin C is a 13-kDa protein produced by 
aU nucleated cells, which acts as an important extracellular in- 
hibitor of cysteine proteases. It is filtered by the glomerulus and 
completely reabsorbed by the proximal tubule and, therefore, is 
not detected in the urine of normal subjects. Elevated urinary 
cystatin C reflects tubular cell damage; it is not affected by sex, 
age, race, and muscle mass. Urine cystatin C is available for ear- 
ly AKI detection almost 2 days before plasma creatinine levels 
change (27, 28). 

Although the ability of NGAL and cystatin C to detect Aia 
early has been shown imder various conditions, the ability of 
NGAL and cystatin C to predict recovery from AKI has not been 
sufficiently investigated. Identifying non-recovery patients have 
several potential benefits such as identification of patients who 
will receive the most benefit from interventions, determination 
of the optimal timing to initiate intervention, initiation of inter- 
vention or medications to slow deterioration of renal fimction, 
and determination of the quality of Me after hospital discharge 
(29). In addition, this has therapeutic implications such as to 
identify patients who are at risk for failure to recover early and 
enroll a uniform cohort of patients who are unlikely to recover 
in a biomarker-guided clinical trial of severe AKI (30). 

In this study, we demonstrated that urine NGAL and cystatin 
C levels correlate with renal recovery and that urine NGAL de- 
creases 4 days before plasma creatinine changes in AKI patients 
without renal replacement therapy. This study suggests that 
urine NGAL may be helpfiil in predicting recovery from AKI 
early, and the cut-off value was 348 ng/mL. Some reports are 
accordance with our present study. Srisawat et al. (30, 31) re- 
ported that plasma NGAL can predict recovery from AKI fol- 
lowing community acquired pneumonia and that urine NGAL 
and urine HGF can predict renal recovery in critically ill patients 
with renal support. Decreasing urine NGAL and urine HGF in 
the first 14 days was associated with greater odds of renal recov- 
ery. Kiimpers et al. (25) suggested that serum NGAL is an inde- 
pendent predictor of 28-day mortality in ICU patients with re- 
nal replacement therapy. The cut-off value of serum NGAL for 
28-day mortality was 360 ng/mL. AUG of the ROC curve is 0.74 
(95% CI 0.64-0.84). In addition, Hollmen et al. (32) reported tiiat 
NGAL is a marker of graft recovery after kidney transplantation. 
The urinary NGAL on day 1 predicted prolonged delayed graft 
function lasting longer than 7, 14 days (AUG 0.748) with cut-off 
value 560 ng/mL. Also, Yang et al. (33) reported that initial urine 
NGAL is an independent predictor of not only in-hospital mor- 
tality, but also persistent loss of renal function after one month 
in 100 patients with AKI, in Korea. 

Many studies evaluating AKI non-recovery have studied only 
patients receiving renal replacement therapy (RRT). In the study 



for patients with RRT, AKI non-recovery was only defined as 
patients who are alive and dialysis-dependence (29), because 
the levels of biomarker could be affected with RRT. Therefore, 
we exclude the patients who need RRT early, because RRT may 
effect and change the levels of serum and urine biomarkers, then 
be confounding factors for decision of renal function recovery. 
This is an important difference compared with other studies. 

Some authors suggest that results using one biomarker pa- 
rameter have modest prediction, therefore, a model combined 
biomarkers and clinical variables is the most predictive. Add on 
clinical model to plasma NGAL increased the AUG for prediction 
of failure to renal function recovery from 0.74 to 0.80 in patients 
with AKI following community-acquired pneumonia (30). Be- 
cause of the heterogeneous causes of AKI and underlying co- 
morbidity, the use of multiple biomarker panels to predict renal 
recovery seems reasonable. In addition, mortality rate in AKI 
patients is very high (34). Therefore, several factors associated 
with mortality, such as happening of other complications during 
treatment and whether recovery of underlying disease or not, 
must be considered as important in the study for recovery of re- 
nal function. 

There are several frmitations to our study. First, because of 
the small sample size, we could not contiol for selection bias. 
Second, because our data came from a single centre, our results 
lack extemal validity. Also, because this study is just observation- 
al, it would not be so affective. Third, our study did not contiol 
for AKI etiology and lack of blinding. In the future, a large pro- 
spective, multi-center, conttoUed study should be conducted. 

In conclusion, this study demonstrates that urine NGAL lev- 
els decline earlier than plasma creatinine levels in the recovery 
phase of patients with AKI and that urine NG/VL can detect re- 
covery from AKI. 
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